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(57) ABSTRACT 

A liquid crystal display includes a pair of substrates having 
a first substrate and a second substrate, at least one of the 
first and second substrate being transparent, a liquid crystal 
layer and a color filter layer both provided between the pair 
of substrates, a plurality of thin film transistors provided on 
the first substrate and connected to an image signal wiring 
and a scanning signal wiring, a common electrode and a 
pixel electrode connected to the thin film transistors and 
placed opposite to the common electrode in a pixel region. 
The common electrode and the pixel electrode are placed in 
different layers through an interlaminar insulating film in the 
formed of at least two layers including the color filter layer 
and an orientation direction of liquid crystal molecules of 
the liquid crystal layer is controlled by a voltage applied at 
least, through the interlaminar insulating film. 
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LIQUID CRYSTAL DISPLAY 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continuation of U.S. application Scr. No. 
09/929,126, filed Aug. IS, 2001, the subject matter of which 
is incorporated by reference herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to an active matrix 
type liquid crystal display. 

BACKGROUND OF THE INVENTION 

[0003] Tn usual liquid crystal displays, an electric field is 
applied to liquid crystal molecules in a liquid crystal layer 
held between one pair of substrates to change a direction of 
orientation of the liquid crystal molecules, and thereby 
caused change in the optical characteristics of the liquid 
crystal layer is utilized for making display. 

[0004] Among the prior active driving type liquid crystal 
displays, typical is the Twisted Nematic (TN) Display mode 
in which an electrode is provided on each of the two 
substrates holding a liquid crystal between themselves, the 
direction of electric field applied to the liquid crystal is made 
roughly perpendicular to the substrate interface, and the 
optical rotatory power of the liquid crystal is utilized for 
making display. This TN type liquid crystal display has a 
fault that the viewing angle is narrow, 

[0005] Thus, there has been proposed the in-plane switch- 
ing (IPS) mode in which an interdigital electrode is used to 
make the generated electric field have a component roughly 
parallel to the substrate surface, and the liquid crystal is 
rotated nearly within a plane, and a birefringence of liquid 
crystal is used for making display (for example, JP-A-6- 
202127 and JP-A-6-160878). This IPS mode has a merit that 
it is based on the in-plane switching of liquid crystal 
molecules so that it has a wider viewing angle as compared 
with the prior TN mode and at the same time it has a lower 
storage capacitance. Thus, IPS is considered hopeful and 
able to replace the prior TN liquid crystal displays, and is 
making a rapid progress in the recent years. Further, an IPS 
mode in which either one electrode to which electric field is 
applied is constructed from a transparent electrically con- 
ductive film and thereby transmittance is improved has also 
been proposed (JP-A-9-73101). Such liquid crystal displays 
excellent in viewing angle characteristics (contrast ratio, 
gray scale reversal) and high in brightness are potent tech- 
niques aiming at monitors and televisions of wide display 
region. 

[0006] When a high-resolution is to be given to liquid 
crystal display, a higher precision of overlapping is required 
between the substrate surface on which thin film transistor 
(TFT) is formed (active matrix substrate) and the substrate 
surface on which color filter layer (CF layer) is formed. A 
decrease in the precision of overlapping, namely a decrease 
in the precision of the alignment between black matrix and 
scanning electrode wirings and image signal wirings, causes 
a drop in a practical aperture ratio, and further causes a 
decrease in the contrast ratio due to exposure of the origi- 
nally unseen domains in the light-screened region, which 
brings about a decrease in the performance of high -resolu- 



tion display. Thus, in the prior vertical TN mode, a technique 
of taking CF layer and light-shielding black matrix (BM) 
into the TFT substrate side to improve the allowance in the 
precision of overlapping greatly has been developed, as 
shown in JP-A-4-253028, etc. 

[0007] Further, a technique of applying the technique of 
taking such CF layer onto active matrix substrate so as to 
secure an allowance of overlapping between the up and 
down substrates to the IPS lateral electric field mode has also 
been proposed (JP-A-11- 190856). 

[0008] Further, a structure of holding a pixel electrode for 
driving a liquid crystal and a common electrode between the 
liquid crystal layer and the CF layer to suppress the practical 
rise in the driving voltage of liquid crystal has been proposed 
(for example, JP-A-2000- 111957). 

SUMMARY OF THE INVENTION 

[0009] However, among the techniques mentioned above, 
the technique of JP-A-11 -190856 has a problem that a 
driving voltage of liquid crystal is remarkably increased, 
even though the relaxation of after image can be accelerated 
and the occurrence of defective display due to after image 
can be suppressed when CF layer is formed as a part of the 
upper layer insulating film of a pixel electrode and common 
electrode. 

[0010] On the other hand, according to the technique of 
JP-A-2000- 111957, the relaxation time of after image 
becomes longer even though the rise in driving voltage of 
liquid crystal can be suppressed, and therefore this technique 
has a problem in the point of suppression of after image as 
a displaying characteristic. In cases where CF layer or BM 
layer is formed on an active matrix substrate, nothing 
screens the reflected light from pixel electrode or common 
electrode for driving the liquid crystal in IPS method, so that 
when the liquid crystal display is viewed from the front side, 
the contrast ratio decreases due to the reflection from the 
electrode surfaces. 

[0011] The object of the present invention is to provide a 
liquid crystal display of high image quality which can be 
driven at a low voltage and shows a lowered inhomogeneity 
of display caused by an after image phenomenon. 

[0012] In order to solve the problem mentioned above, the 
liquid crystal display of the present invention comprises one 
pair of substrates which are a first substrate and a second 
substrate wherein at least one of the substrates is transparent, 
a liquid crystal layer and a color filter layer both provided 
between said one pair of substrates, a plurality of thin film 
transistors which are provided on the first substrate existing 
on a downside of the color filter layer and are connected to 
an image signal wiring and a scanning signal wiring, a 
common electrode giving a standard potential, and a pixel 
electrode connected to the thin film transistors and placed 
opposite to the common electrode in a pixel region, 

[0013] wherein said common electrode and said pixel 
electrode are placed in different layers from each 
other through an inter laminar insulating film in the 
form of layer comprising at least two layers com- 
prising said color filter layer and an orientation 
direction of liquid crystal molecules of the liquid 
crystal layer is controlled by a voltage applied 
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through the inter laminar insulating film and between 
the common electrode and the pixel electrode to 
make display. 

[0014] According to the construction mentioned above, 
the pixel electrode and the common electrode are placed in 
different layers from each other sandwiching the interlarni- 
nar insulating film comprising the color filter layer, and 
therefore the electric lie Id for driving the liquid crystal 
molecules through the pixel electrodes and common elec- 
trode is given to the liquid crystal layer through interme- 
diation of the interlaminar insulating film. Accordingly, the 
electric charges which are generated due to polarization, etc. 
in the liquid crystal layer, interlaminar insulating layer, 
alignment layer present in the one pair of substrates and the 
interfaces thereof and accumulated can rapidly be relaxed. 
Further, since the pixel electrode gives an electric field to the 
liquid crystal layer through the interlaminar insulating layer 
more readily than the common electrode, the density of 
electric field in the edge region of electrodes in which 
electric field is apt to be concentrated can be relaxed 
effectively. As its result, after image characteristics can be 
improved, and a high quality liquid display showing a 
lowered inhomogcneity of display caused by an after image 
phenomenon can be realized. 

[0015] Further, since a part of the interlaminar insulating 
film existing between the image element electrode and 
common electrode is replaced with a color filter layer having 
a relatively large dielectric constant, an effective electric 
field can be supplied to the liquid crystal layer, so that the 
driving voltage for driving the liquid crystal can be reduced 
as compared with the case of using a general organic 
insulating material. 

[0016] More concretely speaking, the liquid crystal dis- 
play comprises one pair of substrates which are a first 
substrate and a second substrate wherein at least one of the 
substrate is transparent, and a liquid crystal layer and a color 
filter layer both provided between said one pair of substrates, 
wherein said color filter layer is placed close to the first 
substrate and the liquid crystal layer is placed between the 
color filter layer and the second substrate, 

[0017] wherein a plurality of scanning signal wirings, 
a plurality of image signal wirings and a plurality of 
transistors connected to the image signal wirings and 
the scanning signal wirings are placed on the first 
substrate existing on a downside of the color filter 
layer, 

[0018] each region surrounded by the plurality of 
scanning signal wirings and the image signal wirings 
constitutes at least one pixel, and each pixel is 
provided with a common electrode connected with a 
common electrode wiring over a plurality of pixels to 
give a standard potential and a pixel electrode con- 
nected to the transistor and placed opposite to the 
common electrode in a pixel region, 

[0019] wherein said common electrode and said pixel 
electrode are placed in different layers from each 
other through an interlaminar insulating film in the 
form of layer comprising at least two layers com- 
prising said color filter layer and ati orientation 
direction of liquid crystal molecules of the liquid 
crystal layer is controlled by a voltage applied 



through the interlaminar insulating film and between 
the common electrode and the pixel electrode to 
make display, 

[0020] In constructing the above-mentioned liquid crystal 
display, the following elements may be added. 

[0021] (1) Said common electrode coats at least a part of 
the image signal wiring and the scanning signal wiring 
through an insulating film. 

[0022] (2) Said insulating film is an interlaminar insulating 
film comprising at least two layers. 

[0023] (3) At least one layer of said interlaminar insulating 
film is made of an organic substance. 

[0024] (4) An insulating overcoat layer is provided in a 
boundary part between two kinds of color filter layers on the 
image signal wiring or the scanning signal wiring, and the 
common electrode is formed on said overcoat layer. 

[0025] (5) An overcoat layer for protecting the color filter 
is provided on an upside of the color filter layer, and the 
common electrode is formed on the overcoat layer. 

[0026] (6) The common electrode or the common elec- 
trode wiring is formed lattice -wise so as to surround the 
pixel. 

[0027] (7) An overcoat layer for protecting the color filter 
is provided on an upside of the color filter layer, and the 
pixel electrode is formed on the overcoat layer. 

[0028] (8) Said overcoat layer or said interlaminar insu- 
lating film is made of a photosensitive resin. 

[0029] (9) At least one member selected from the group 
consisting of the pixel electrode and the common electrode 
is constituted of a transparent electrode. 

[0030] (10) Said transparent electrode is constituted of an 
ion doped titanium oxide film or an ion doped zinc oxide 
(ZnO) film. 

[0031] (11) Said common electrode or said common elec- 
trode wiring is made of an alloy containing at least one 
member selected from the group consisting of Al, Cr, Mo, Ta 
and W. 

[0032] (12) An ant ire fleet ion layer is formed on an upside 
of the common electrode or the common electrode wiring. 

[0033] (13) As said antireflection layer, a film containing 
a black- colored pigment is formed. 

[0034] (14) As said antireflection layer, a phase difference 
film is laminated. 

[0035] (15) As said antireflection layer, the common elec- 
trode or the common electrode wiring is formed into a 
laminated structure containing a magnetic material. 

[0036] (16) The orientation direction of the liquid crystal 
molecules at two interfaces between the liquid crystal layer 
and alignment layers formed on said one pair of substrates 
are roughly in the same direction. 

[0037] (17) At least one of the alignment layers formed on 
said one pair of substrates is a photo -reactive material layer. 
The alignment layers can be formed by irradiating a roughly 
linearly polarized light to the light-reflecting material layer. 
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[0038] (18) A pre tilt angle of the liquid crystal layer is 50 
(5 degrees) or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIG. 1 illustrates a sectional view of main part of 
a liquid crystal display according to the first embodiment. 

[0040] FIG. 2 illustrates a liquid crystal display, wherein 
2 A is a plan view, 2B is a sectional view of 2A along the line 
A- A' and 2C is a sectional view of 2 A along the line B-B'. 

[0041] FIG. 3 is a sectional view of main part of a liquid 
crystal display according to the second embodiment. 

[0042] FIG. 4 illustrates a liquid crystal display of FIG. 3, 
wherein 4 A is a plan view, 4B is a sectional view of 4A along 
the line A-A', and 4C is a sectional view of 4A along the line 
B-B'. 

[0043] FIG. 5 is a sectional view of FIG. 4A along the 
line A-A', of which construction is different from that of 
FIG. 3. 

[0044] FIG. 6 is a sectional view of main part of a liquid 
display according to the third embodiment. 

[0045] FIG. 7 illustrates a liquid crystal display of FIG. 6, 
wherein 7A is a plan view and 7B is a sectional view of 7A 
along the line A-A. 

[0046] FIG. 8 is a sectional view of FIG. 7A along the 
line A-A', of which construction is different from that of 
FIG. 6. 

[0047] FIG. 9 is a sectional view of main part of a liquid 
crystal display according to a Comparative Example. 

[0048] FIG. 10 is a sectional view of main part of a liquid 
crystal display according to another Comparative Example. 

EXPLANATION OF MARKS 
[0049] 101, 102 Substrates 
[0050] 103 Common electrode 

[0051] 104 Scanning signal electrode (gate electrode) 
[0052] 105 Pixel electrode (source electrode) 
[0053] .106 Image signal electrode (drain electrode) 
[0054] 107 Insulating film 
[0055] 108 Protecting film 
[0056] 109 Alignment layer 

[0057] 110 liquid crystal layer (liquid crystal mol- 
ecules in the liquid crystal layer) 

[0058] 1U Color filter layer 

[0059] 112 Overcoat layer 

[0060] 113 Light-shielding part (black matrix) 

[0061] 114 Polarizing plate 

[0062] 115 Thin film transistor 

[0063] 116 Semiconductor film (amorphous silicon) 

[0064] 117 Electric field 

[0065] 120 Common electrode wiring 



DETAILED DESCRIPTION OF THE 
INVENTION 

[0066] Next, embodiments of the present invention are 
explained with reference to the drawings attached. 

[0067] (The Fist Embodiment) 

[0068] A liquid crystal display according to the first 
embodiment of the present invention will be explained by 
referring to FIG. 1 and FIG. 2. FIG. 1 is a sectional view 
of an active matrix substrate, and FIG. 2A is a plan view 
thereof. FIG. 2B is a sectional view of 2A along the line 
A-A', and FIG. 2C is a sectional view of 2 A along the line 
B-B'. FIG. 1 illustrates a part of the section of FIG. 2A 
along the line A-A. 

[0069] In the liquid crystal display according to this 
embodiment, a gate electrode (scanning signal electrode) 
104 made of chromium and a common electrode wiring 
(common wiring) .120 are placed on a glass substrate 101 (a 
first substrate), and a gate insulating film 107 made of silicon 
nitride is formed so as to cover the gate electrode 104 and 
common electrode wiring 120, 

[0070] On the gate electrode 104, a semiconductor film 
116 made of amorphous silicon is provided through inter- 
mediation o f gate insulating film 107, and the semiconductor 
film 116 functions as an active layer of thin film transistor 
(TFT) which is an active element. Further, a drain electrode 
made of chromium-molybdenum 106 (image signal wiring) 
and a source electrode 105 (pixel electrode) are provides so 
as to overlap with a part of the pattern of semiconductor film 
116, and a protecting film 108 made of silicon nitride is 
formed so as to cover all the above-mentioned materials. 

[0071] Further, according to this embodiment, a color 
filter layer 111 is provided on the protecting film 108, which 
is partitioned into respective pixels by the light-shielding 
parts 113. Upside of the color filter layer 111 and light- 
shielding parts 113 is covered by an overcoat layer 112 
(interlaminar insulating film) made of a transparent insulat- 
ing material. 

[0072] Further, on the overcoat layer 112, a common 
electrode 103 is formed which is connected to common 
electrode wiring 120 via a throughhole perforating gate 
insulating film 107, protecting film 108, light-shielding part 
113 and overcoat layer 112. Further, as is apparent from 
FIG. 2 A, a common electrode 103 is formed, which is 
drawn out from the common electrode wiring 120 so as to 
be opposite to the pixel electrode 105 in one pixel in the plan 
view. 

[0073] Accordingly, in this embodiment, the pixel elec- 
trode 105 is so constructed that a common electrode 103 is 
formed on the overcoat layer 112 which is placed under the 
under protecting film 108 of color filter layer Lit so as to 
cover the pixel electrode 105 and color filter layer 111. Each 
of the regions sandwiched by the plurality of pixel elec- 
trodes 105 and common electrode 103 constitutes one pixel. 
Further, the unit pixels thus constructed are matrix-wise 
arranged on a substrate to form an active matrix substrate, 
and an alignment layer 109 is formed on the surface of the 
active matrix substrate, namely on the overcoat layer 112 
having common electrode 103. The surface of the alignment 
layer 109 is subjected to a rubbing treatment. 
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[0074] On the other hand, an alignment layer 109 is 
formed on a glass-made counter substrate 102, too, and the 
surface of this alignment layer 109 is also subjected to a 
rubbing treatment, A glass substrate 102 (a second substrate) 
confronting the glass substrate 101 is placed so as to 
confront the surface of alignment layer 109, and a liquid 
crystal composition layer 110 is tilled into the gap between 
them. A polarizing plate 114 is formed on each of outside of 
glass substrate 101 and outside of counter substrate 102. 

[0075] In the TFT liquid crystal display having the above- 
mentioned construction, the liquid crystal molecules in the 
liquid crystal composition layer 110 are aligned roughly in 
parallel to the surfaces of the confronting substrates 101 and 
102, homogeneously toward the initial alignment direction 
prescribed by the rubbing treatment, when no electric field 
is applied. When a voltage is applied to the gate electrode 
104 to turn on the thin film transistor (TFT), an electric field 
117 is applied to the liquid crystal composition 110 due to 
the potential difference between pixel electrode 105 and 
common electrode 103, and the liquid crystal molecules 
change the direction of orientation due to the interaction 
between the dielectric anisotropy of the liquid crystal com- 
position and the electric field. At this time, light transmit- 
tance changes due to the refractive anisotropy of liquid 
crystal composition layer 110 and the action of polarizing 
plate 114, and thereby the liquid crystal display can make 
display. 

[0076] Next, a method for producing the liquid crystal 
display of this embodiment will be explained briefly. 

[0077] First, TFT and electrode pattern are formed on 
glass substrate 101 by a patterning treatment using the well 
known photolithographic etching technique. 

[0078] Subsequently, color filter layer 111 is formed from 
a resin film containing a red-, green- or blue-colored dye or 
pigment, for example. 

[0079] Light-shielding part 113 is constructed from a resin 
film containing a black-colored dye or pigment. It is also 
possible to form the light-shielding part by the use of a 
metal. As the method for forming color filter layer 111 and 
light-shielding part 113, the following methods can be 
adopted. 

[0080] (1) Dye-dissolution method: a method of coating a 
resin solution in which a dye and additives are dissolved and 
carrying out patterning by the photolithographic etching 
technique; or a method of forming a pattern from a clyeable 
polymeric material and then coloring the pattern with an 
acid dye or a reactive dye. 

[0081] (2) Printing method: a method of printing a mate- 
rial prepared by adding a powdered pigment to an organic 
vehicle and an epoxy resin by the method of offset printing 
or gravure offset printing to make a pattern directly. 

[0082] (3) Pigment dispersion method: a method of coat- 
ing a resin containing a pigment as a colorant and making a 
pattern by the photolithographic etching technique. 

[0083] (4) Electrostatic painting, micella r electrolytic 
method: a method of dispersing a dye in the form of 
micelles, depositing only the dye on an electrode and 
thereby carrying out patterning. 

[0084] (5) Color film transfer method: a method of lami- 
nating a base film and a photosensitive film consisting of a 



colored photosensitive resin layer, exposing the laminate to 
light, peeling off the laminate, and carrying out development 
to form a pattern, 

[0085] (6) Ink jet method: a method of projecting a dye or 
a resin and a dye (pigment) as an ink to form a pattern 
directly. As a method usable for BM of light -shielding part 
only, electroless plating method can be referred to. 

[0086] As the overcoat layer 112, acrylic resin or acrylic 
epoxy resin excellent in insulating property and transpar- 
ency or a thermosetting resin such as polyimide resin or the 
like may be used. Further, a photo curable transparent resin 
may also be used, and inorganic materials such as polysi- 
loxane resin and the like may also be used. Further, the 
overcoat layer 112 may function as a liquid crystal align- 
ment layer simultaneously. 

[0087] As has been mentioned above, according to this 
embodiment, a color filter layer 111 and an insulating layer 
are provided between pixel electrode 105 and common 
electrode 103. This means that the electric field for driving 
the liquid crystal molecule 110 by means of the pixel 
electrode 105 and common electrode 103 is given to the 
liquid crystal layer through the color filter layer 111 and the 
insulating layer. By adopting such a construction, the 
residual direct current voltage component governing the 
after image characteristics of the liquid crystal display, 
namely the electric charges generated due to polarization 
and accumulated in the liquid crystal layer, alignment layer, 
insulating layer and interfaces thereof can rapidly be 
relaxed. Further, since the pixel electrode 105 more readily 
gives electric field to liquid crystal layer through the insu- 
lating layer 112 and color filter layer 111 than the common 
electrode 103 does, the extent of density of electric field into 
the edge region of electrodes where electric field is apt to be 
concentrated can be relaxed more effectively than in the 
prior techniques, and thereby the after image characteristics 
can be improved as has been mentioned above. 

[0088] Since the insulating layer existing between the 
pixel electrode 105 and common electrode 103 is partially 
replaced with color filter layer 111 having a relatively large 
dielectric constant, an electric field can be supplied to the 
liquid crystal layer, and the voltage for driving the liquid 
crystal can be reduced more effectively than in the cases 
using usual organic insulating materials. 

[0089] Accordingly, in this embodiment, the allowance in 
the precision of overlapping of one pair of substrates can be 
improved greatly, and the productivity can be improved. In 
addition, the after image characteristics can be improved 
remarkably, and the voltage for driving the liquid crystal can 
be reduced. 

[0090] Further, since the wirings leading to the pixel 
electrode 105 and common electrode 103 do not cross with 
color filter layer 111, which leads to shortening of the 
production process and enhancement of the mass produc- 
tivity of liquid crystal display. 

[0091] (Second Embodiment) 

[0092] Next, the liquid crystal display of the second 
embodiment of the present invention will be explained by 
referring to FIGS. 3, 4 and 5. FIG. 3 is a sectional view of 
active matrix substrate, and 1TG. 4A is a plan view thereof. 
FIG. 415 is a sectional view of 4A along the line A- A", and 
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FIG. 4C is a sectional view of 4A along the line B-B'. FIG. 
3 illustrates a part of the sectional view of 4A along the line 
A- A'. FIG. 5 is a sectional view of FIG. 4A along the line 
A- A 1 , of which construction is different from that of FIG. 3. 

[0093] In the liquid crystal display of this embodiment, a 
gate electrode 104 made of chromium and a common 
electrode wiring 120 are provided on the glass substrate 101, 
and gate insulating film 107 made of silicon nitride is formed 
so as to cover the gate electrode 104. On the gate electrode 
104, semiconductor film 116 made of amorphous silicon is 
provided through intermediation of gate insulating film 107, 
and the semiconductor film 116 functions as an active layer 
of thin film transistor which is an active element. 

[0094] Further, a drain electrode 106 made of chromium- 
molybdenum and a source electrode (pixel electrode) 105 
are placed so as to overlap with a part of the pattern of 
semiconductor film 116, and a protecting film 108 made of 
silicon nitride is formed so as to cover all these materials. On 
the protecting film 108, color filter layer 111 is provided. The 
color filter 111 is covered with overcoat layer 112. The 
overcoat layer 112 is made of a transparent material such as 
acrylic resin or the like. The pixel electrode 105 is consti- 
tuted from a transparent electrode such as ITO (in 3 0 3 :Sn) or 
the like. The common electrode 103 is connected to a 
common electrode wiring L20 via a through-hole perforating 
gate insulating film 107, protecting film 108, color filter 111 
and overcoat layer 112. 

[0095] When electric field for driving the liquid crystal is 
applied, the common electrode 103 making a pair together 
with pixel electrode 105 is formed so as to envelop one pixel 
region in a plane. Further, the common electrode 103 is 
placed on the overcoat layer 112 existing on the color filter 
layer 111, The common electrode 103 is placed so as to hide 
the drain electrode 106, scanning signal electrode L04 and 
TFT (active element) existing in the down layer when 
viewed from upside, and functions as a light-shielding layer 
simultaneously. The unit pixels constructed in the above- 
mentioned manner are arranged matrix-wise to form a active 
matrix substrate, and on the active matrix substrate, namely 
on the overcoat layer 112 and the common electrode 103 
formed thereon, an alignment layer 109 is formed. The 
surface of the alignment layer 109 is subjected to a rubbing 
treatment. 

[0096] On the other hand, an alignment layer 109 is 
formed on a counter substrate 102, too, and the surface 
thereof is also subjected to a rubbing treatment. The glass 
substrate 101 and the counter substrate 102 are placed in a 
confronting manner on the surface on which the alignment 
layer 109 is formed, and liquid crystal composition layer 110 
is placed between them. Outside the glass substrate 101 and 
outside the counter substrate 102, a polarizing plate 114 is 
formed, respectively. 

[0097] This embodiment is similar to the first embodiment 
in that the pixel electrode 105 is placed in the under layer of 
color filter layer 111 and protecting layer 108, and a common 
electrode 103 is formed on the overcoat layer 112 covering 
the pixel electrode 105 and color filter layer 111. When the 
electric resistance of the common electrode 103 is suffi- 
ciently low, the common electrode 103 can function as a 
common electrode wiring 120 formed in the lowermost 
layer, simultaneously. In such a case, formation of the 



common electrode wiring 120 placed in the lowermost layer 
and fabrication of the therefor necessary through-hole can be 
omitted. 

[0098] In this embodiment, as shown in FIG. 4A, each of 
the regions enveloped by the lattice- wise formed common 
electrode 103 constitutes one pixel, and each pixel is further 
divided into four regions by the common electrode 103 and 
pixel electrode 105. 

[0099] In the TFT liquid crystal display constructed in the 
above-mentioned manner, the liquid crystal molecules in the 
liquid crystal composition layer 110 are aligned roughly in 
parallel with the surfaces of the confronting substrates 101 
and 102 homogeneously toward the initial alignment direc- 
tion prescribed by the rubbing treatment when no electric 
field is applied. When a voltage is applied to the gate 
electrode 104 to turn on the thin film transistor (TFT), 
electric field 117 is applied to the liquid crystal composition 
due to the potential difference between pixel electrode 105 
and common electrode 103, and the liquid crystal molecules 
turn its direction to the direction of electric field due to the 
interaction between the dielectric anisotropy of the liquid 
crystal composition and the electric field. In this state, the 
light transmittance is changed by the action of refractive 
anisotropy of liquid crystal composition layer and polarizing 
plate 114, and thereby the liquid crystal display can make a 
display. 

[0100] Further, according to this embodiment, the driving 
voltage of liquid crystal can be reduced by peeling off the 
protecting film 108 present on the pixel electrode 105 by an 
etching treatment and forming thereon a color filter layer 
110, as shown in FIG. 5A. 

[0101] Further, according to this embodiment, formation 
of BM is unnecessary because the common electrode 103 
simultaneously functions as a light-shielding layer. In such 
a case, color filter layers are formed while leaving a gap 
between them as shown in FIG. 4 and FIG. 5A so that the 
color filters make no overlapping, in order to prevent mixing 
of colors between color filter layers of adjacent pixels. 
Thereafter, the surface is made even by the overcoat layer 
112 formed thereon, and thereby the common electrode 103 
formed thereafter on the boundary region can be made into 
an even and uniform electrode pattern having no irregularity, 
and the effect as a light-shielding layer can be secured more 
certainly. In a case where color filter layers of adjacent pixels 
overlap with one another without mixing of colors as shown 
in FIG. 5B, the boundary region can be made flat and even 
by forming an overcoat layer 112 thereon, and the common 
electrode 103 formed thereon can be made into a uniform 
electrode pattern having no irregularity and the effect as a 
light-shielding layer can be secured. 

[0102] In a case where the common electrode 103 is 
constructed from a metallic electrode in this embodiment, a 
reflection of outer light from the metallic surface takes place, 
which can cause a decrease of contrast ratio as a liquid 
crystal display. In such a case, such a phenomenon can be 
prevented by forming a antireflection layer on the common 
electrode 103, namely by (I) forming a black pigment- 
containing film such a light-shielding layer or (II) laminating 
a phase difference film or (III) making the common electrode 
into a laminate structure containing a magnetic material. 

[0103] As has been mentioned above, this embodiment is 
similar to the first embodiment in that a color filter layer 111 
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and an insulating layer are provided between pixel electrode 
105 and common electrode 103. Accordingly, the electric 
field for driving the liquid crystal molecules 110 by the 
action of pixel electrode 105 and common electrode 103 is 
given to the liquid crystal layer via the color filter layer 111 
and the insulating layer. By adopting such a construction, the 
residual direct current (DC) voltage components governing 
the after image characteristics of the liquid crystal display, 
namely the electric charges due to polarization, etc, gener- 
ated and accumulated in the liquid crystal layer, alignment 
layer, insulating layer and interfaces thereof can rapidly be 
relaxed. Further, since the pixel electrode 105 more readily 
gives an electric field to the liquid crystal layer via insulating 
layer 112 and color filter Lll than the common electrode 
103, the extent of density of electric field into the edge 
regions of the electrode into which the electric field is apt to 
be concentrated can be relaxed more effectively than in the 
prior cases, and the after image characteristics can be 
improved as above. 

[0104] Further, since a part of I he insulating layer existing 
between the pixel electrode 105 and common electrode 103 
is replaced with color filter layer 111 having a relatively 
large dielectric constant, electric field can be supplied to the 
liquid crystal layer more effectively than in the case of using 
a usual organic insulating material, and the driving voltage 
of the liquid crystal can be reduced. 

[0105] Accordingly, in this embodiment, the allowance in 
the precision of overlapping of the one pair of substrates is 
greatly improved and the productivity is improved, and in 
addition, the after image characteristics can be improved 
remarkably and the driving voltage of liquid crystal can be 
reduced. Further, in this embodiment, the common electrode 
wiring 120 simultaneously functions as a light -shielding 
layer, and therefore the process for producing the color filter 
layer can be simplified. 

[0106] In the first and second embodiments mentioned 
above, a plurality of display regions each constituted from a 
common electrode and a pixel electrode can be provided in 
one pixel. By providing a plurality of display regions, the 
distance between the pixel electrode and the common elec- 
trode can be shortened even when each pixel is large, which 
makes it possible to decrease the voltage to be input for 
driving the liquid crystal. 

[0107] (Third Embodiment) 

[0108] Next, a liquid crystal display of the third embodi- 
ment will be explained by referring to FIGS. 6, 7 and 8. 
FIG. 6 is a sectional view of an active matrix substrate, and 
FIG. 7A is a plan view thereof. FIG. 7B is a sectional view 
of 7 A along the line A- A 1 . FIG. 6 illustrates a part of the 
section of FIG. 7A along the line A-A f , wherein the section 
shows a layer construction different from that of FIG. 7B. 
FIG. 8 illustrates a section of FIG. 7A along the line A-A\ 
of which construction is different from that of FIG. 6. 

[0109] In the liquid crystal display of this embodiment, a 
gate electrode (scanning signal electrode) 104 made of 
chromium and a common electrode wiring 120 are provided 
on the glass substrate 101, and a planar common electrode 
103 consisting of a transparent electrode is formed on the 
common electrode wiring 120, and a gate insulating film 107 
made of silicon nitride is formed so as to cover the gate 
electrode 104, common electrode wiring 120 and common 
electrode 103. 



[0110] Further, a semiconductor film 116 made of amor- 
phous silicon is provided on the gate electrode 104 through 
intermediation of the gate insulating film 107, and the 
semiconductor film 116 functions as an active layer of the 
thin layer transistor (TFT). Further, a drain electrode 106 
made of chromium- molybdenum and a source electrode 
(pixel electrode) 105 are provided so as to overlap with a 
part of the pattern of semiconductor film 116, and a pro- 
tecting film 108 made of silicon nitride is formed into a 
pattern so as to cover the drain electrode 106, source 
electrode 105 an TFT part. 

[0111] According to this embodiment, color filter 111 is 
divided into parts by light-shielding part 113 and placed on 
protecting film 108. The color filter 111 and light-shielding 
part 113 are covered with an overcoat layer (inter laminar 
insulating film) 112 made of a transparent material. 

[0112] A pixel electrode 105 consisting of a transparent 
electrode is provided on the overcoat layer 112, and the pixel 
electrode 105 is connected to source electrode 105 via a 
through-hole perforating gate-insulating film 107, protecting 
film 108, color filter layer 111 and overcoat layer 112. When 
viewed in a plane, a common electrode 103 made of a 
transparent electrode is formed in the lowermost layer so as 
to confront the pixel electrode 105 in one pixel, as shown in 
FIG. 7A. 

[0113] Accordingly, in this embodiment, the pixel elec- 
trode 105 and common electrode 103 can form an addition 
capacity by overlapping one electrode with another elec- 
trode in the whole area of an aperture part of the pixel while 
securing an insulating property by sandwiching the color 
filter layer 111 and the insulating film and thereby utilize the 
addition capacity of the overlapping part as a retaining 
capacity without decreasing the area of the aperture part of 
pixel. 

[0114] Further, an alignment layer 109 is formed on the 
surface of active matrix substrate in which unit pixels 
constructed as above are arranged in matrix-wise, namely on 
the overcoat layer 112 and the thereon formed pixel elec- 
trode 105, and a surface of the alignment layer 109 is 
subjected to a rubbing treatment. 

[0115] On the other hand, an alignment layer 109 is 
formed also on the glass- made counter substrate 102, and the 
surface thereof is also subjected to a rubbing treatment. A 
glass substrate 101 and a counter substrate 102 are placed in 
a confronting manner on the alignment layer-forming sur- 
face, and a liquid crystal composition layer 110 is provided 
between 101 and 102. Further, a polarizing plate 114 is 
formed both outside the glass substrate 101 and outside the 
counter substrate 102. 

[0116] In the TFT liquid crystal display having the above- 
mentioned construction, the liquid crystal molecules in the 
liquid crystal composition layer 110 are aligned in a roughly 
parallel direction to the confronting substrates 101 and 102 
when no electric field is applied, and homogeneously 
aligned toward the initial alignment direction prescribed by 
the rubbing treatment. When a voltage is applied to the gate 
electrode 104 and the thin film transistor (TFT) is turned on, 
electric field 117 is applied to the liquid crystal composition 
layer due to the potential difference between pixel electrode 
105 and common electrode 103, and the direction of liquid 
crystal molecules 110 is changed to the direction of electric 
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field by the interaction between the dielectric anisotropy of 
liquid crystal composition and electric field. At this time, the 
light transmission changes due to the actions of refractive 
anisotropy of liquid crystal composition layer and polarizing 
plate 114, and thereby this liquid crystal display can make 
display. Further, according to this embodiment, it is also 
possible to make the surface of active matrix substrate even 
and flat, and thereby to facilitate the rubbing treatment of 
alignment layer 1.09, by forming the pixel electrode 105 
directly on the color filter layer 111 and forming an overcoat 
layer 112 thereover as shown in FIG. 8A. 

[0117] Further, it is also possible to peel off the gate 
insulating film 104 formed on the common electrode 103 
selectively by an etching treatment and to form a color filter 
layer 111 thereon as shown in FIG. 8B. At this time, the 
electrostatic painting method or mice liar electrolytic method 
among the above-mentioned methods for forming color filter 
layer and light-shielding layer can be utilized and thereby 
the production process of color filter layer can be simplified, 

[0118] Further, by adopting the construction shown in 
FIGS. 8 A and 8B, the driving voltage of liquid crystal can 
be reduced. 

[0119] As above, this embodiment is similar to the first 
and second embodiments in that color filter layer 111 and 
insulating layer are provided between pixel electrode 105 
and common electrode 103. This means that the electric field 
for driving the liquid crystal molecules 110 by the action of 
pixel electrode 105 and common electrode 103 is given to 
the liquid crystal layer via color filter layer 111 and insu- 
lating layer. By adopting such a construction, the residual 
direct current voltage component governing the after image 
characteristics of the liquid crystal display can be relaxed 
rapidly. Further, since the pixel electrode 105 more readily 
gives an electric field to the liquid crystal layer via the 
insulating layer 112 and color filter layer 111 than the 
common electrode 103 does, the extent of density of electric 
field in the edge region of electrode into which electric field 
is apt to be concentrated can effectively be relaxed than in 
the case of prior techniques, and thereby the after image 
characteristics can be improved. 

[0120] Further, since the insulating layer existing between 
the pixel electrode and the common electrode is partially 
replaced with a color filter layer having a relatively large 
dielectric constant, a more effective electric field can be 
given to the liquid crystal layer than in the case of using a 
usual insulating organic material, and thereby the voltage for 
driving the liquid crystal can be reduced. 

[0121] Accordingly, in this embodiment, the allowance in 
the precision of overlapping of the pair of electrodes is 
greatly improved and the productivity can be improved, and 
in addition, the after image characteristics can be improved 
remarkably, and further the voltage for driving the liquid 
crystal can be reduced. 

[0122] In the liquid crystal displays of the above-men- 
tioned first to third embodiments, the material of the trans- 
parent electrically conductive film constructing at least one 
of the pixel electrode and common electrode is not particu- 
larly limited. Preferably, however, it is preferable to use a 
transparent electrically conductive film prepared by ion 
doping titanium oxide such as indium-tin-oxide (ITO) or the 
like or an ion doped zinc oxide film, from the viewpoint of 



easiness of fabrication and highness of reliability. It is also 
possible to use a photo -reactive alignment layer subjected to 
a polarizing light-irradiation treatment which can cause a 
photochemical reaction selectively, in place of the above- 
mentioned polyimide type alignment layer of which align- 
ment is to be controlled by a rubbing treatment. 

[0123] It is generally known that the photo reactive align- 
ment layer is a means for controlling alignment by which a 
strong surface anchoring strength in the azimuthal direction 
and a sufficient (higher than several degrees) interfacial tilt 
angle cannot be given easily. However, the IPS method is 
different from the prior vertical electric field method typified 
by the conventional TN method in that no interfacial tilt is 
necessary theoretically, and the view angle characteristic 
thereof is better at a smaller interfacial tilt angle. In the 
above-mentioned photoreactive alignment layer, an extreme 
smallness of interfacial tilt angle is preferable contrariwise, 
because a good view angle characteristic can be expected. 

EXAMPLES 

[0124] Next, examples of the present invention will be 
mentioned below. 

Example 1 

[0125] An example of the above-mentioned first embodi- 
ment will be mentioned below by referring to FIGS. 1 and 
2. In this example, glass substrates having a thickness of 0.7 
mm and having a polished surface were used as the sub- 
strates 101 and 102 for production of liquid crystal display. 

[0126] Thin film transistor 115 was constructed from pixel 
electrode 105, signal electrode 106, scanning electrode 104 
and amorphous silicon 116. The scanning electrode 104, 
common electrode 120, signal electrode 106 and pixel 
electrode 105 were all formed by patterning of a chromium 
film, and the gap between the pixel electrode 105 and 
common electrode 103 was adjusted to 7 jam. Although a 
chromium film which can be patterned easily was used for 
the common electrode 103 and pixel electrode 105 in this 
example, it is also possible to prepare transparent electrodes 
from ITO film for the purpose of achieving a higher lumi- 
nance characteristic. The gate insulating film 107 and pro- 
tective insulating film 108 were made of silicon nitride, and 
film thickness thereof was both 0.3 ftm, 

[0127] A color filter layer 111 was formed thereon, which 
was formed into the prescribed pattern by a pigment- 
dispersion method, namely by coating a pigment-dispersed 
resists prepared by dispersing one of the R, G and B colored 
pigments into a negative photosensitive acrylic resin, expos- 
ing the resist to light through a photomask, developing it and 
thereafter post-baking it (this procedure was repeated three 
times, namely for the R, G and B pigments). Thereafter, a 
lattice-form black matrix 113 was prepared in the same 
manner as above, namely by carrying out exposure and 
development by the use of a positive resist prepared from a 
polyimide resin containing a carbon black type black pig- 
ment and a positive resist used for patterning thereof. 

[0128] Then, an acrylic resin was coated thereon, and a 
heat treatment was carried out at 220° C. for one hour to 
form a transparent and insulating overcoat layer .112. 

[0129] Subsequently, a through-hole reaching common 
electrode wiring 120 was formed by a photolithographic 
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etching treatment as shown in FIG. 2C, and common 
electrode 103 connecting to the common electrode wiring 
120 was formed by patterning. 

[0130] As its result, there was formed a construction that 
pixel electrode 105 was provided between three common 
electrodes 103 in one unit pixel, as shown in FIG. 2 A, and 
there was formed an active matrix substrate in which the 
number of pixels was 1,024x3x768 constituted of 1,024x3 
(corresponding to R, G and B) signal electrodes 106 and 768 
scanning electrodes 104. 

[0131] Subsequently, an alignment layer was formed on 
the active matrix substrate by printing a polyamic acid 
varnish constituted of p-phenylenediamine and 3,3',4,4'- 
biphenyltetracarboxylic acid dianhydride and heattreated at 
220° C. for 30 minutes to form a polyimide alignment layer 
109 having a density of about 80 nm. 

[0132] In the same manner as above, an alignment layer 
was formed by printing a polyamic acid varnish on the 
surface of another glass substrate 102 of which back side has 
already been coated with a film of ITO, and heat-treated at 
220° C. for 30 minutes to form a polyimide alignment layer 
109 having a thickness of about 80 nm. Subsequently, the 
surface of the alignment layer was subjected to a rubbing 
treatment with a buff cloth attached to a rubbing roller to 
give a liquid crystal alignment performance to the film. 

[0133] In this example, rubbing was adopted as the 
method for giving an alignment performance. However, 
other methods such as a method of coating an ultraviolet- 
curable resin solution to form an alignment layer and 
irradiating it with a polarized ultraviolet light to cause a 
photochemical reaction and thereby giving a liquid crystal- 
alignment performance, or a method of spreading an organic 
molecular film on a water surface, drawing up the film to 
form an highly aligned multi-layer film and using it as an 
alignment layer, can also be used. 

[0134] Especially, the latter two methods have hitherto 
been regarded as alignment methods incapable of giving a 
sufficiently large interfacial tilt angle. However, by combin- 
ing these methods with IPS method, the practicability such 
as mass productivity, etc. can be improved, because IPS 
method requires no interfacial lilt angle theoretically unlike 
the vertical electric field method of which typical example is 
the prior TN method. 

[0135] Subsequently, a cell was assembled by placing 
these two substrates so that their surfaces having a liquid 
crystal -alignment performance confronted each other 
through intermediation of a spacer made of dispersed globu- 
lar polymer beads, and coating a sealing agent on the 
peripheral parts. The directions of rubbing of the two 
substrates were nearly parallel to each other, and the angle 
which they made with the direction of input electric field 
was adjusted to 75°. Into the cell was injected a nematic 
liquid crystal composition A in vacuum, wherein dielectric 
anisotropy Ae was positive and had a value of 10.2 (1 kHz, 
20° C.), the refractive anisotropy thereof An was 0.075 
(wavelength 590 nm, 20° C), the twist elastic constant K2 
was 7.9 pN, and nematic-iso tropic phase transition tempera- 
ture (N-I) was about 76° C, and then it was sealed with a 
sealant composed of an ultraviolet (UV light) curable resin. 
A liquid crystal panel having a liquid crystal layer thickness 
(gap) of 4.2 /mi was prepared. Retardation (And) of this 



panel was about 0.31 am. Further, a homogeneously aligned 
cell was prepared by using the same alignment layer and 
liquid costal composition as those used in this panel, and 
the pre-tilt angle of the liquid crystal was measured by the 
crystal rotation method. As a result, the pre-tilt angle was 
about 2°. This panel was put between two polarizing plates 
114, wherein the polarized light transmitting axis of one 
polarizing plate was made approximately parallel to the 
above-mentioned rubbing direction, and that of the other 
was made to cross therewith rectangularly. Then, a driving 
circuit, a back light, etc. were connected to form a module, 
whereby an active matrix liquid crystal display was 
obtained. In this example, the normally black mode was 
adopted, namely a dark image was given at a low voltage 
and a bright image was given at a high voltage. Subse- 
quently, the display quality of the liquid crystal display of 
this example was evaluated. As a result, a high display 
quality was confirmed, and a wide viewing angle character- 
istic was confirmed. 

[0136] Subsequently, the image-sticking performance and 
relaxation behavior of after image of the liquid crystal 
display of this example were quantitatively measured by 
means of an oscilloscope combined with a photo-diode. 
First, a window pattern was displayed on the picture for 30 
minutes at the maximum luminance, after which the whole 
picture was changed over to a gray scale image where the 
luminance was 10% of the maximum luminance and the 
after image was most conspicuous, and the period of time 
necessary for disappearance of the pattern in the edge part of 
window was evaluated as an after image relaxation time, 
provided that the after image relaxation time allowable in 
this test was at most 5 minutes. 

[0137] As a result, the relaxation time of after image was 
one minute or less. In a visual examination of image quality 
and after image, neither irregular sticking of image nor 
irregular display due to after image was observed at all, 
demonstrating that the display characteristic was high. The 
driving voltage of liquid crystal giving the maximum lumi- 
nance was about 6.6 V. 

Example 2 

[0138] An example of the above-mentioned second 
embodiment will be explained by referring to FIGS. 3 and 
4. The substrates 101 and 102 used in this example for 
production of liquid crystal display were glass substrates 
having a polished surface and having a thickness of 0.7 ram. 

[0139] The t hin film transistor 115 was constituted of pixel 
electrode 105, signal electrode 106, scanning electrode 104 
and amorphous silicon 116. The scanning electrode 104 was 
formed by patterning an aluminum film; the common elec- 
trode wiring 120 and signal electrode 106 were formed by 
patterning a chromium film; and the pixel electrode 105 was 
formed by patterning an ITO film. The gate insulating film 
107 and protective insulating film 108 were both made of 
silicon nitride, and both had a film thickness of 0.3 jura. 

[0140] The color filter layer existing thereon was formed 
into the prescribed pattern according to the pigment disper- 
sion method by coating a pigment dispersion resist (the 
resists were prepared by dispersing each of R, G and 
B-colored pigments in a negative photosensitive acrylic 
resin), and exposing them through a photo-mask, followed 
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by development and post-baking (these procedures were 
repeated three times, namely for R, G and B pigments). 

[0141] Subsequently, a cylindrical through-hole having a 
diameter of about 10 am and reaching the common electrode 
wiring 120 was formed as shown in FIG. 4C by photolitho- 
graphic etching treatment, an acrylic resin was coated 
thereon, and a heat-treatment was carried out at 220° C. for 
one hour to form a transparent and insulating overcoat layer 
112 having a dielectric constant of about 4 up to a thickness 
of about 1 t am. Due to the presence of this overcoat film 112, 
the unevenness in the display region due to the level 
difference in the pixel electrode 105 and the unevenness in 
the boundary region of color filter layer 111 between the 
adjacent pixels could be made even. 

[0142] Subsequently, the through- hole part was again 
etched to adjust the diameter to about 7 am, and a common 
electrode 103 connecting to the common electrode wiring 
120 was formed thereon by patterning an ITO film. 

[0143] At this time, the gap between the pixel electrode 
105 and the common electrode 103 was adjusted to 7 urn. 
The common electrode 103 was lattice-wise formed so as to 
cover the upside of image signal wiring L06, scanning signal 
wiring 104 and thin film transistor 115, so that it simulta- 
neously functioned as a light -shielding layer. 

[0144] As its result, a unit pixel came to be so constructed 
that pixel electrode 105 was provided between three com- 
mon electrodes 103 as shown in FIG. 4A. In the active 
matrix substrate thus formed, the number of pixels was 
1,024x3x768 constituted of 1,024x3 (corresponding to R, G 
and B) signal electrodes 106 and 768 scanning electrodes 
104. 

[0145] Subsequently, the an alignment layer 109 is formed 
and its alignment direction was treated in the same manner 
as in Example 1. 

[0146] In this example, too, rubbing method was used for 
giving an alignment performance. However, other methods 
such as a method of coating an ultraviolet-curable resin 
solution to form an alignment layer and irradiating it with a 
polarized ultraviolet light to cause a photochemical reaction 
and thereby giving a liquid crystal-alignment performance, 
or a method of spreading an organic molecular film on a 
water surface, drawing up the film to form an highly aligned 
multi-layer film and using it as an alignment layer, can also 
be used. Especially, the latter two methods have hitherto 
been regarded as alignment-controlling methods incapable 
of giving a sufficiently large inter facial tilt angle. However, 
by combining these methods with IPS method, the practi- 
cability such as mass productivity, etc. can be improved, 
because IPS method requires no interfacial tilt angle theo- 
retically unlike the vertical electric field method of which 
typical example is the prior TN method. 

[0147] Subsequently, a cell was assembled by placing 
these two substrates so that their surfaces having a liquid 
crystal-alignment performance confronted each other 
through intermediation of a spacer made of dispersed globu- 
lar polymer beads, and coating a sealant on the peripheral 
parts. The directions of rubbing of the two substrates were 
nearly parallel to each other, and the angle which they made 
with the direction of input electric field was adjusted to 75°. 
Into the cell was injected a nematic liquid crystal composi- 
tion A in vacuum, wherein dielectric anisotropy Ae was 



positive and had a value of 10.2 (1 kHz, 20° C), the 
refractive anisotropy thereof An was 0.075 (wavelength 590 
nm, 20° C), the twist elastic constant K2 was 7.0 pN, and 
nematic-isotropic phase transition temperature (N-I) was 
about 76° C, and then it was sealed with a sealant composed 
of an ultraviolet-curable resin. A liquid crystal panel having 
a liquid crystal layer thickness (gap) of 4.2 am was prepared. 
Retardation (And) of this panel was about 0.31 jiim. Further, 
a homogeneously aligned cell was prepared by using the 
same alignment layer and liquid crystal composition as used 
in this panel, and the pre tilt angle of the liquid crystal was 
measured by the crystal rotation method. As a result, the 
pre -tilt angle was about 2°. This panel was put between two 
polarizing plates 114, wherein the polarized light transmit- 
ting axis of one polarizing plate was made approximately 
parallel to the above-mentioned rubbing direction, and that 
of the other was made to cross therewith rectangularly. Then, 
a driving circuit, a back light, etc. were connected to form 
a module, whereby a an active matrix liquid crystal display 
was obtained. In this example, the normally black mode was 
adopted, namely a dark image was given at a low voltage 
and a bright image was given at a high voltage. 

[0148] Subsequently, display quality of the liquid crystal 
display of this example was evaluate. As a result, it was 
confirmed that the display of this example was higher than 
the liquid crystal display of Example 1 in aperture ratio, high 
in the quality of display, and wide in viewing angle char- 
acteristic. 

[0149] Further, in the same manner as in Example 1, 
image-sticking characteristic and relaxation time of after 
image were quantitatively measured and evaluated. As a 
result, the relaxation time of after image was not longer than 
one minute. In a visual examination of image quality and 
after image, no inhomogeneity of display due to after image 
and sticking of image was observed at all, demonstrating 
that the display characteristic was high. The driving voltage 
of liquid crystal was about 7 V, which was comparable to 
that of Example 1. 

Example 3 

[0150] Next, Example 3 will be explained. In this 
example, the material of common electrode 103 was altered 
from ITO film to chromium film, and the number of thro ugh - 
holes for connecting the common electrode wiring 120 to 
common electrode 103 which was one per each image 
element in the foregoing examples was altered to one for 
each RGB pixel, and the rate of formation of through-hole 
was reduced to l A. The other conditions were the same as in 
Example 2. Under such conditions, a liquid crystal display 
was prepared, and quality of display was evaluated. As a 
result, it was confirmed that the quality of display was so 
high as comparable to that of the liquid crystal display of 
Example 2. Wide viewing angle characteristic was also 
confirmed. 

[0151] Further, in the same manner as in Example f, 
image-sticking characteristic and relaxation time of after 
image were quantitatively measured and evaluated. As a 
result, the relaxation time of after image was not longer than 
one minute, similarly to Example 2. In a visual examination 
of image quality and after image, no inhomogeneity of 
display due to after image and sticking of image was 
observed at all, demonstrating that the display characteristic 
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was high. The driviag voltage of liquid crystal was about 6.5 
V, which was comparable to that of Example 1. 

Example 4 

[0152] Next, Example 4 will be explained. In this 
example, a liquid crystal display was prepared by repeating 
the procedure of Example 2, except that the material con- 
stituting common electrode 103 was altered from ITO film 
to a chromium film like in Example 3, and after patterning 
the common electrode 103, a phase difference film was 
pasted upon the common electrode 103 made of chromium 
and patterned so as to give the same pattern as that of 
common electrode and removing the phase difference film 
from the areas other than the pattern. Since in this example 
an UV-curable liquid crystal acrylate film was used as the 
phase difference film, patterning could be carried out easily 
by the photolithographic technique. 

[0153] Subsequently, display quality of the liquid crystal 
display of this example was evaluated. As a result, the 
quality of display was high, showing a high contrast ratio, 
even though aperture ratio was comparable to that of the 
liquid crystal display of Example 3. Wide viewing angle 
characteristic was also confirmed. 

[0154] Further, in the same manner as in Example 1, 
image -sticking characteristic and relaxation time of after 
image were quantitatively evaluated on the liquid crystal 
display of this invention. As a result, the relaxation time of 
after image was not longer than one minute, like in Example 
3. In a visual examination of image quality and after image, 
no inhomogencity of display due to after image and sticking 
of image was observed at all, demonstrating that the display 
characteristic was high. The driving voltage of liquid crystal 
was about 6.5 V which was comparable to that of Example 
1. 

Example 5 

[0155] Next, Example 5 will be explained. In this 
example, a liquid crystal display was prepared by repeating 
the procedure of Example 4, except that the material con- 
stituting common electrode 103 was altered from ITO film 
to a chromium film like in Example 4, and after patterning 
the common electrode 103, a black-colored pigment resin 
containing carbon black for use as a light-shielding layer 
was provided on the common electrode 103 made of chro- 
mium and patterned so as to give the same pattern as that of 
common electrode. Subsequently, display quality of the 
liquid crystal display of this example was evaluated. As a 
result, the quality of display was as high as in the liquid 
crystal display of Example 4. Wide viewing angle charac- 
teristic was also confirmed. Further, in the same manner as 
in Example 1, image -sticking characteristic and relaxation 
time of after image were quantitatively evaluated on the 
liquid crystal display of this invention. As a result, the 
relaxation time of after image was not longer than one 
minute, like in Example 4. In a visual examination of image 
quality and after image, no inhomogeneity of display due to 
after image and sticking of image was observed at all, 
demonstrating that the display characteristic was high. The 
driving voltage of liquid crystal was about 6.5 V which was 
comparable to that of Example 1. 

Example 6 

[0156] Next, Example 6 will be explained. In this 
example, the spacer made of polymer beads used for cell gap 



control of liquid crystal display was replaced with a negative 
photosensitive acrylic resin which was coated, exposed to 
light and developed into a cylinder having a diameter of 
about 10 ttm before formation of the alignment layer for the 
active matrix substrate. The acrylic resin layer was formed 
on the common electrode 103 functioning as a light-shield- 
ing layer existing on the scanning wiring 104 in the neigh- 
borhood of TFT part of each pixel, and thereafter an align- 
ment layer was formed. 

[0157] A liquid crystal display was prepared, provided that 
the steps other than the above-mentioned step were the same 
as in Example 3. On the liquid crystal display of this 
example, display quality was evaluated. As a result, it was 
confirmed that the display of this example had a high quality, 
showing a higher contrast ratio than that of Example 3. Wide 
viewing angle characteristic was also confirmed. This result 
is probably attributable to that, although in Example 3 a 
leakage of light caused by disturbance of alignment of liquid 
crystal around the spacer beads randomly distributed in the 
pixel was observed, such leakage was completely prevented 
in this example. 

[0158] Further, in the same manner as in Example 1, 
image-sticking characteristic and relaxation time of after 
image were quantitatively evaluated on the liquid crystal 
display of this invention. As a result, the relaxation time of 
after image was not longer than one minute, like in Example 
2. In a visual examination of image quality and after image, 
no inhomogeneity of display due to after image and sticking 
of image was observed at all, demonstrating that the display 
characteristic was high. The driving voltage of liquid crystal 
was about 6.5 V which was comparable to that of Example 
1. 

Example 7 

[0159] Next, an example for the above-mentioned third 
embodiment will be explained by referring to FIGS. 6 and 
7. In this example, glass substrates having a polished surface 
and having a thickness of 0.7 mm were used as substrates 
101 and 102 for production of the liquid crystal display. 

[0160] Thin film transistor 115 was constituted of pixel 
electrode 105, signal electrode 106, scanning electrode 104 
and amorphous silicon 116. The scanning electrode 104 was 
formed by patterning an aluminum film; the common elec- 
trode wiring 120 and signal electrode 106 were formed by 
patterning a chromium film; and the common electrode 103 
was formed by patterning an ITO film into a plane and 
connecting it with the common wiring electrode 120. 

[0161] Gate insulating film 107 and protective insulating 
film 108 were made of silicon nitride and film thickness 
thereof was both 0.3 um. 

[0162] Thereon was patterned and formed a light -shield- 
ing film of low reflectivity by laminating a chromium film 
and a chromium oxide film in the boundary region between 
pixels. 

[0163] Thereon was formed color filter layer 111 by the 
colored film transfer method, namely by pasting a photo- 
sensitive film consisting of a base film and a R-, G- or 
B-colorcd photosensitive resin onto the active matrix sub- 
strate, peeling ol:f the base film, exposing the remaining 
portion of photosensitive film to light through a photo-mask, 
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developing it, and post-baking it (this procedure was 
repeated three times, namely for R-, G- and B-colors) to 
form the prescribed pattern. 

[0164] Subsequently, a cylindrical through-hole having a 
diameter of about 10 /.mi and reaching the source electrode 
105 was formed as shown in FIG. 7B according to the 
photolithographic etching treatment, an acrylic resin was 
coated thereon, and a heat-treatment was carried out at 220° 
C. for one hour to form a transparent and insulating overcoat 
layer 112 having a dielectric constant of about 4 up to a 
thickness of about 0.2 /mi. Due to the presence of this 
overcoat him 112, the unevenness in the display region due 
to the level difference in the pixel electrode 105 and the 
unevenness in the boundary region of color filter layer 111 
present on the light-shielding layer between the adjacent 
pixels could be made even. 

[0165] Subsequently, the through-hole part was again 
etched until the diameter reached about 7 urn, and thereon 
was formed a pixel electrode 103 connected to the source 
electrode 105 by patterning. The gap between the pixel 
electrode 105 and common electrode 103 was adjusted to 4 
am. 

[0166] As its result, a unit pixel came to be constituted of 
five pixel electrodes 105 and an all-over common electrode 
103 as shown in FIG. 7A. In this active matrix substrate, the 
number of pixels was 1,024x3x768 which was constituted of 
1,024x3 (corresponding to R, G and B) signal electrodes 106 
and 768 scanning electrodes 104, 

[0167] Although five pixel electrodes were used in this 
example, it is also possible to increase the number of pixel 
electrodes in the interdigital part by lessening the gap in the 
upper region of interdigital part in accordance with the size 
of pixel. 

[0168] Next, the alignment layer 109 and the method for 
alignment treatment thereof were the same as in Example 1 . 

[0169] In this example, rubbing method was adopted as 
the method for giving an alignment performance. However, 
other methods such as a method of coating an ultraviolet 
(UV light)-curable resin solution to form an alignment- 
controlling film and irradiating it with a polarized ultraviolet 
light to cause a photochemical reaction and thereby giving 
a liquid crystal-alignment performance, or a method of 
spreading an organic molecular him on a water surface, 
drawing up the film to form an highly aligned multi-layer 
film and using it as an alignment layer, can also be used. 
Especially, the latter two methods have hitherto been 
regarded as alignment-controlling methods incapable of 
giving a sufficiently large interfacial tilt angle. However, by- 
combining these methods with IPS method, the practicabil- 
ity such as mass productivity, etc. can be improved, because 
IPS method requires no interfacial tilt angle theoretically 
unlike the vertical electric field method of which typical 
example is the prior TN method. Subsequently, a cell was 
assembled by placing these two substrates so that their 
surfaces having a liquid crystal-alignment performance con- 
fronted each other through intermediation of a spacer made 
of dispersed globular polymer beads, and coating a sealant 
on the peripheral parts. The directions of rubbing of the two 
substrates were roughly parallel to each other, and the angle 
which they made with the direction of input electric field 
was adjusted to 15°. Into the ceil was injected a nematic 



liquid crystal composition B in vacuum, wherein dielectric 
anisotropy Ae was negative and had a value of -2.2 (1 kHz, 
20° C.) and the refractive anisotropy thereof An was 0.1 
(wavelength 590 nm, 20° C), and then it was sealed with a 
sealant composed of an ultraviolet (UV light) curable resin. 
A liquid crystal panel having a liquid crystal layer thickness 
(gap) of 3.5 /un was prepared. Retardation (And) of this 
panel was about 0.35 /on. Further, a homogeneously aligned 
cell was prepared by using the same alignment layer and 
liquid crystal composition as used in this panel, and the pre 
tilt angle of the liquid crystal was measured by the crystal 
rotation method. As a result, the pre tilt angle was about 2°. 
This panel was held between two polarizing plates 114, 
wherein the polarized light transmitting axis of one polar- 
izing plate was made approximately parallel to the above- 
mentioned rubbing direction, and that of the other was made 
to cross therewith rectangularly. Then, a driving circuit, a 
back light, etc. were connected to form a module, whereby 
a an active matrix liquid crystal display was obtained. In this 
example, the normally black mode was adopted, namely a 
dark image was given at a low voltage and a bright image 
was given at a high voltage. 

[0170] On the liquid crystal display of this example, 
display quality was evaluated. As a result, it was confirmed 
that the display of this example had a high quality, showing 
a higher aperture ratio than that of Example 1 . Wide viewing 
angle characteristic was also confirmed. 

[0171] Further, in the same manner as in Example 1, 
image-baking performance and relaxation time of after 
image were quantitatively evaluated on the liquid crystal 
display of this invention. As a result, the relaxation time of 
after image was not longer than one minute. In a visual 
examination of image quality and after image, no inhomo- 
geneity of display due to after image and sticking of image 
was observed at all, demonstrating that the display charac- 
teristic was high. The driving voltage of liquid crystal was 
about 6.7 V which was comparable to that of Example 1. 

Example 8 

[0172] Next, Example 8 will be explained. In this 
example, the procedure was the same as in Example 1, 
except for the alignment layer used therein. Thus, a 
polyamic acid prepared from 4,4 , -diaminodiphenylmethane 
as a diamine component and 1,2,3, 4-cyclobutanetetracra- 
boxylic acid dianhydride as an acid dianhydride component 
was printed and formed on a substrate surface and baked and 
imidated at 230° C. for 30 minutes. After formation of a film, 
the unevenness on the surface was about 20 nm. Then, the 
surface was irradiated with a polarized light having a 
wavelength of 254 nm to carry out a photo-alignment 
treatment. 

[0173] Subsequently, a nematic liquid crystal composition 
A was sealed in the same manner as in Example 1 and 
annealed at 100° C. for 10 minutes, whereby a good align- 
ment of liquid crystal in the direction roughly perpendicular 
to the direction of projected polarized light was achieved. 

[0174] In the above-mentioned manner, there was 
obtained a liquid crystal display of which liquid crystal layer 
had a thickness (d) of 4.0 nm. A homogeneously aligned cell 
was prepared from an alignment layer using this panel and 
a liquid crystal composition equivalent to the above, and pre 
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tile angle of liquid crystal was measured by the method of 
crystal rotation. As a result, the pre tile angle was about 1°. 

[0175] Subsequently, the display quality of the liquid 
crystal display of this example was evaluate in the same 
manner as in Example 1. As a result, it was confirmed that 
the display quality was as high as comparable to that of 
Example 1. Wide viewing angle characteristic was also 
confirmed. 

[0176] Further, in the same manner as in Example 1, 
image -sticking characteristic and relaxation time of after 
image were quantitatively evaluated on the liquid crystal 
display of this invention. As a result, the relaxation time of 
after image was not longer than one minute. In a visual 
examination of image quality and after image, no inhomo- 
geneity of display due to after image and sticking of image 
was observed at all, demonstrating that the display charac- 
teristic was high. The driving voltage of liquid crystal was 
about 6.5 V which was comparable to that of Example 1. 

Comparative Example 1 
[0177] Next, comparative examples will be explained. 

[0178] FIG. 9 illustrates Comparative Example 1, in 
which polished glass substrates having a thickness of 0.7 
mm were used as substrates 101 and 102, in the production 
of the liquid crystal display. 

[0179] Thin film transistor 115 was constituted of source 
electrode 105, signal electrode 106, scanning electrode 104 
and amorphous silicon 116. The scanning electrode 104 was 
formed by patterning an aluminum film; and the common 
electrode wiring 120, signal electrode 106 and source elec- 
trode 105 were formed by patterning a chromium film. 

[0180] The gate insulating film 107 and protective insu- 
lating film 108 were made of silicon nitride and both had a 
film thickness of 0.3 urn. 

[0181] Further thereon was formed color filter layer 111 
according to the pigment dispersion method. That is, pig- 
ment-dispersed resists prepared by dispersing each of R-, G- 
and B -colored pigments separately in a negative photosen- 
sitive acrylic resin, were coated, exposed to light through a 
photo-mask, developed and then post-baked (this procedure 
was repeated three times, namely for the R-, G- and B -col- 
ored pigments) to form a prescribed pattern. 

[0182] Subsequently, a cylindrical through-hole having a 
diameter of about 10 //m and reaching the source electrode 
.105 was formed as shown in FIG. 9 according to the 
photolithographic etching treatment, and thereon were 
formed pixel electrode 105 connecting to the source elec- 
trode 105 by patterning an ITO film. Then, an acrylic resin 
was coated thereon, and a heat-treatment was carried out at 
220° C. for one hour to form a transparent and insulating 
overcoat layer 112 having a dielectric constant of about 4 up 
to a thickness of about 0.5 pm. Due to the presence of this 
overcoat film 112, the unevenness in the display region due 
to the level difference in the pixel electrode 105 in the 
display region and the unevenness in the boundary region of 
color filter layer 111 between the adjacent pixels could be 
made even. 

[0183] Subsequently, common electrode 103 was formed 
by forming a cylindrical through-hole having a diameter of 
about 10 f.tm and reaching the common electrode wiring 120 



by a photolithographic etching treatment and thereon pat- 
terning an ITO film. The gap between the pixel electrode 105 
and common electrode 103 was adjusted to 7 ,«m. 

[0184] The common electrode 103 was lattice -wise 
formed so as to cover the upside of image signal wiring 106, 
scanning signal wiring 104 and thin film transistor 115, 
surround the pixels, and simultaneously function as a light - 
shielding layer. 

[0185] As a result, the construction of this example was 
roughly the same as that of Example 2, except that two kinds 
of thro ugh -holes were formed in a unit pixel and the pixel 
electrode 105 was placed between three common electrodes 
103. In the active matrix thus formed, the number of pixels 
was 1,024x3x768 (3 corresponded to R, G and B) consti- 
tuted of 1,024x3 signal electrodes 106 and 768 scanning 
electrodes 104. 

[0186] As shown in FIG. 9, a liquid crystal display of this 
example was prepared by repeating the procedure of 
Example 1, except that the pixel structure was as mentioned 
above, 

[0187] Subsequently, display quality of the liquid crystal 
display of this comparative example was evaluate. As a 
result, it was confirmed that display quality of the liquid 
crystal display of this comparative example was as high as 
comparable to that of Example 1. Wide viewing angle 
characteristic was also confirmed. 

[0188] Further, in the same manner as in Example 1, the 
image -sticking characteristic and relaxation time of after 
image were quantitatively evaluated on the liquid crystal 
display of this comparative example. As a result, relaxation 
time of after image was not shorter than 10 minutes. In a 
visual examination of image quality and after image, a 
defective display due to after image and sticking of image 
were clearly observed. 

Comparative Example 2 

[0189] FIG. 10 illustrates Comparative Example 2, in 
which surface -polished glass substrates having a thickness 
of 0.7 mm were used as substrates 101 and 102, in the 
production of the liquid crystal display. 

[0190] The thin film transistor 115 was constituted of pixel 
electrode 105, signal electrode 106, scanning electrode 104 
and amorphous silicon 116. 

[019.1] The scanning electrode 104, common electrode 
wiring 120, signal electrode 106, pixel electrode 105 and 
common electrode 103 were all formed by patterning a 
chromium film, and the gap between the pixel electrode 105 
and common electrode 103 was adjusted to 7 urn. 

[0192] The gate insulating film 107 and protective insu- 
lating film 108 were made of silicon nitride, and film 
thickness thereof was adjusted to 0.3 urn. 

[0193] Thereon was formed color filter layer 111 accord- 
ing to the pigment dispersion method. That is, pigment- 
dispersed resists prepared by dispersing each of R-, G- and 
B-colored pigments separately in a negative photosensitive 
acrylic resin were coated, exposed to light through a photo- 
mask, develop and post-baked (this procedure was three 
times repeated, namely for R-, G- and B-color) to form a 
prescribed pattern. Then, in the same manner as above, a 
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black matrix 113 was lattice-wise formed by exposing a 
polyimide resin containing a carbon black type black pig- 
ment and a positive resist used for its patterning to light, 
followed by development. 

[0194] An acrylic resin was coated thereon and heat- 
treated at 220° C. for one hour to form a transparent and 
insulating overcoat layer 112. 

[0195] As a result, an active matrix substrate was formed, 
of which pixel number was 1,024x3 (corresponding to R, G 
and B)x768 constituted of 1,024x3 signal electrodes 106 and 
768 scanning electrodes 104. 

[0196] Subsequently, a liquid crystal display of this com- 
parative example shown in FIG. 10 was prepared by in the 
same manner as in Example 1, except for the above pixel 
structure. 

[0197] Subsequently, display quality was evaluated on the 
liquid crystal display of this comparative example. As a 
result, it was confirmed that the display quality was as high 
as comparable to that of the liquid crystal display of 
Example 1. Wide viewing angle characteristic was also 
confirmed. 

[0198] Further, in the same manner as in Example 1, the 
image -sticking characteristic and relaxation time of after 
image were quantitatively evaluated on the liquid crystal 
display of this comparative example. As a result, relaxation 
time of after image was not longer than one minute. In a 
visual examination of image quality and after image, no 
defective display due to after image and sticking of image 
was observed. However, the driving voltage of liquid crystal 
was about 7.6 V, which was about 1 V higher than that of 
Example I. 

EFFECT OF THE INVENTION 

[0199] As has been described above, according to the 
present invention, there can be realized a liquid crystal 
display which can be driven at a low voltage, can show a 
lowered in homogeneity of display caused by a sticking 
image and an after image phenomenon, and can make a 
display of high image quality. 



What is claimed is: 

1. A liquid crystal display comprising a pair of substrates 
including a first substrate and a second substrate, at least one 
of the first and second substrates is transparent, a liquid 
crystal layer and a color filter layer both provided between 
the pair of substrates, a plurality of thin film transistors 
provided on the first substrate and connected to an image 
signal wiring and a scanning signal wiring, a common 
electrode, and a pixel electrode connected to the thin film 
transistors and placed opposite to the common electrode in 
a pixel region, wherein the common electrode and the pixel 
electrode are placed in different layers from each other 
through an interlaminar insulating film comprising at least 
two layers including the color filter layer, and an orientation 
direction of liquid crystal molecules of the liquid crystal 
layer being controlled by a voltage applied at least through 
the interlaminar insulating film. 

2. A liquid crystal display comprising a pair of substrates 
including a first substrate and a second substrate, at least one 
of the first and second substrates is transparent, a liquid 
crystal layer and a color filter layer both provided between 
the pair of substrates, the color filter layer being placed close 
to the first substrate, and the liquid crystal layer being placed 
between the color filter layer and the second substrate, a 
plurality of scanning signal wirings, a plurality of image 
signal wirings, and a plurality of transistors being placed on 
the first substrate, each region surrounded by the plurality of 
scanning signal wirings and the image signal wirings con- 
stituting at least one pixel, and each pixel being provided 
with a common electrode connected with a common elec- 
trode wiring over a plurality of pixels, and a pixel electrode 
being connected to at least one of plurality of the transistors 
and placed opposite to the common electrode in a pixel 
region, the common electrode and the pixel electrode being 
placed in different layers from each other through an inter- 
laminar insulating film formed of at least two layers includ- 
ing the color filter layer, and an orientation direction of 
liquid crystal molecules of the liquid crystal layer being 
controlled by a voltage applied through the interlaminar 
insulating film. 



